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We report the first observation of the exclusive decay process B — > J /ipKi (1270) using a sample 
of 11. 2M BB meson pairs collected in the Belle detector at the KEKB asymmetric energy e + e~ 
collider. We measure branching fractions of B(B° -> J/i>K^(127Q)) = (1.30 ± 0.34 ± 0.31) x 10~ 3 
and B(B + -> J/tpK+ (1270)) = (1.80±0.34±0.39) x 10~ 3 , where the first error is statistical and the 
second is systematic. These modes constitute approximately 15% of the total number of B —> J/tpX 
decays. No evidence is seen for B — * J/ipKi (1400) and we set an upper limit for this branching 
fraction. The A'i(1270) — > K°tt + -k~ decays have a substantial K°p° intermediate state component 
that may be useful for CP violation studies. 

PACS numbers:11.30.Er,12.15.Hh,13.25.Hw 
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Decays of B mesons into final states containing the 
J /if} charmonium state play a special role in studies of 
CP violation physics. Since the J/ip is itself a CP 
eigenstate, final states where the accompanying particles 
are matter-antimatter symmetric are potentially useful 
for CP violation measurements. Moreover, these decay 
modes are experimentally convenient, primarily because 
the J/ip -> t + t" (£ + e~ = e+e~ or final states 

have a rather distinct signature. 

However, although the branching fraction for inclusive 
B — > J/ipX decay is relatively large (~ 1%), only a small 
fraction of these decays have been associated with exclu- 
sive decay modes that are relevant for CP studies. Since 
all current experimental searches for CP violations in 
B meson decays are statistics limited, it is important 
to identify additional decay modes that might be use- 
ful. Decays of the type B° -> J/tpKf (1270) are of inter- 
est because the K®(1270) has an appreciable branching 
fraction to the flavor-nonspecific K°p° final state (14%) 
and, thus, might be useful for CP measurements. At 
present there is very little experimental information avail- 
able about any exclusive B — > J/ipK-Kir decay modes [Q . 

In this Letter we describe a study of the B — > J / ipKirir 
decay process using the Belle detector M at the KEKB 
asymmetric energy e + e~ storage ring B. We observe a 
signal for exclusive decays where the properties of the 
Ktttt system are consistent with those of the if i (1270) 
resonance. The data sample corresponds to an integrated 
luminosity of 10.5 fb _1 accumulated at the T(45) reso- 
nance and contains 11. 2M BB meson pairs. 

The Belle detector consists of a three-layer silicon ver- 
tex detector, a 50-layer central drift chamber (CDC) for 
charged particle tracking and specific ionization measure- 
ments (dE/dx), an array of 1188 aerogel Cerenkov coun- 
ters (ACC), a time-of-fiight (TOF) system comprised 
of 128 scintillation counters, and an electromagnetic 
calorimeter containing 8736 CsI(Tl) crystals (ECL), all 
located inside a 3.4 m diameter superconducting solenoid 
that generates a 1.5 Tesla magnetic field. An iron flux- 
return yoke outside the solenoid is comprised of 14 layers 
of 4.7 cm-thick iron plates interleaved with a system of 
resistive plate counters (KLM) that are used for muon 
identification and Kl detection. Electron identification 
is based on a combination of CDC dE/dx information, 
the response of the ACC, and the position, shape and en- 
ergy deposit of the associated ECL shower. Muon iden- 
tification relies on the location and penetration depth of 
associated tracks in the KLM. We use a Monte Carlo 
(MC) simulation to model the response of the detector 
and determine acceptances M . The detector is described 
in detail in ref. H. 

We select events with three final state topologies: 
B+ -> J/iPK+ir+ir-, and B° -> J/iPK+tt-tt and 
J/iPK°n + ir~, where J/ip -> £+1" and K° -> tt+tt-. We 
use B + — > J/ipK + decays for normalization. (Here, as 
in the rest of this report, inclusion of the charge con- 



jugate states is implied.) Candidate J/ip — > de- 
cays are oppositely charged track pairs where at least 
one track is positively identified as a muon and the other 
is either positively identified as a muon or has an as- 
sociated ECL energy deposit that is consistent with a 
minimum ionizing particle. The invariant mass of the 
candidate pair is required to be within ±3cr of the 

J/tp mass peak, where a ~ 12 MeV is the mass reso- 
lution. Candidate J/ip — * e + e~ decays are oppositely 
charged track pairs where at least one track is well iden- 
tified as an electron and the other track satisfies at least 
either the dE/dx or the ECL electron identification re- 
quirements. In this channel, we partially correct for final 
state radiation or real bremsstrahlung in the inner parts 
of the detector by including the four-momentum of ev- 
ery photon detected within 0.05 radians of the original 
e + or eT direction in the e + e~ invariant mass calcula- 
tion. Since the J/ip — ► e + e~ peak still has a residual 
radiative tail, we use an asymmetric invariant mass re- 
quirement -7a < (M e+e - - Mj/j,) <3a (a ~ 12 MeV). 
After selection, the J/ip candidate tracks are refitted to a 
common vertex and then mass constrained to Mj/^. The 
fitted vertex is then used as the vertex point of reference 
for the other particles in the decay. 

For charged hadron identification we use the combi- 
nation of CDC dE/dx measurements, flight times mea- 
sured in the TOF, and the response of the ACC to deter- 
mine a relative K/tt discrimination variable that ranges 
from Vjc/tt = for unambiguous pions, to Vk/tt = 1 
for well identified kaons. In this analysis we identify 
charged tracks with Vk/tt > 0.5 as kaons and those with 
Pk/tt < 0.5 as pions. For ir° — ► 77 candidates, we re- 
quire a minimum 7 energy of 40 MeV and use 77 pairs 
with a total laboratory energy greater than 230 MeV and 
an invariant mass that is within ±2er of M^o, where the 
average value of a is 4.9 MeV. For K° — > Tr + n~, we use 
oppositely charged track pairs where the two-track ver- 
tex is displaced from that of the J/ip in the transverse 
(r-cp) plane by more than 0.8 mm, the <f> directions of 
the vertex point and the K candidate's three momen- 
tum vector agree within 0.2 radians, and the 7r + 7r~ in- 
variant mass is within ±3ct of Mr-o, where a ~ 4 MeV. 
We eliminate events of the type B + — > ip(2S)K + , where 
ip{2S) — > 7r + 7r~ J/ip, by requiring M n7r u — Mu to differ 
from M^(2S) ~ Mj/^ by more than ±9 MeV (3a). 

Candidate B mesons are identified by their center of 
mass (cm) energy difference, AE = J^i E% — Eb, and the 
beam constrained mass, Mb c = \jE'l — C^iPi) 2 , where 
Eb = ys/2 is the beam energy in the cm frame and pi 
and Ei are the cm three-momenta and energies of the 
candidate B meson decay products. We select events 
with M bc > 5.25 GeV and \AE\ < 0.2 GeV, and de- 
fine a ±3er signal window of \Mb c — Mb] < 9 MeV 
and \AE\ < 60 MeV and an equal area sideband re- 
gion that corresponds to the same Mb c selection and 
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60 MeV < AE < 180 MeV @. 

About 10% of selected events have more than one entry 
in the M bc > 5.25 GeV and \AE\ < 0.2 GeV region. Mul- 
tiple entries from additional charged pions are primarily 
due to extra tracks produced by low momentum curling 
particles (p t < 0.25 GeV/c); fake tt°s are due to low en- 
ergy 7 combinatoric background. For multiple charged 
track entries, we select the one with the smallest impact 
parameter relative to the refitted J/ip vertex. According 
to the MC simulation, these criteria select the correct 
track in 75% of the cases. For multiple entries involving 
7r candidates, we chose the 77 combination with an in- 
variant mass closest to M^o. This selects the correct 77 
combination in 60% of the cases. 

Figure [j](a) shows the distribution of M n + n - vs 
MK+ n +„- for events in the Mb c and AE signal window. 
The clustering near M n7r ~ M p and Mktt-k — 1-27 GeV is 
consistent with expectations for lfi(1270) — * Kp decays. 
In these decays, the Ktttt and 7T7r systems are produced 
very near the kinematic boundary, which distorts the res- 
onance line shapes for both the p and the if 1 (1270). Fig- 
ure |l|(b) shows the M K + yT + 7T - distribution for the events 
with -150 MeV < (M OT7r - M p ) < 50 MeV §. In the 
figure, the clear histogram represents the events in the 
Mbc vs. AE signal window; sideband region events are 
shown as the cross-hatched histogram. The lower curve 
shows the result of a fit to a phase-space-like background 
function to the sideband Mk-k-k distribution. The upper 
curve shows the results of a fit to the mass region below 
1.7 GeV that uses the background determined from the 
sideband distribution plus a line shape function that was 
specialized |?| to expectations for if 1 — > Kp decays with 
the PDG values for the ifi mass and total width used as 
input J8|. The sideband background plus the if 1 (1270) 
line shape function, which has only its normalization as 
a free parameter, gives a good fit to the lower part of the 
Ktttt mass spectrum |1, indicating that our interpreta- 
tion of the event cluster in Fig. |l|(a) as being due to the 
if 1 (1270) is reasonable. 

In flavor-SU(3), the strange axial- vector eigenstates 
are mixtures of the Ki(1270) with the /f x (1400), which 
decays primarily via K*(890)ir (Bf~ 94%). We searched 
the same events for a ifi(1400) signal in the distribution 
of M K +n- vs M K + 7r + 7r - shown in Fig. ||(c). Here there is 
no obvious concentration of events around Mk-k — Mk* 
and M K w ~ M Kl{1400) . Figure |(d) shows the M K7T7r 
projection for events with \Mk-k — Mk*\ < 50 MeV, 
where again there is no evidence for a if 1 (1400) signal; 
the Mk-kit < 1-7 GeV mass region is well fitted by a 
sideband background plus the if 1 (1270). 

We select B — ► J/ipKi(1270) candidate events as 
those that satisfy the p mass requirements and have 
1.16 GeV < M Kn „ < 1.38 GeV. The MC simula- 
tion indicates that this mass window accepts 41% of all 
if 1 (1270) -> Ktttt decays. 

Figures ||(a) through ||(f) show, alternately, the pro- 



jections of the M\, c and AE signal bands for the selected 
B -> J/V>ifi(1270) candidates in the J/ipK + 7T + TT~ , 
J/if;K + TT~TT , and J/tpK°TT + TT~ channels, respectively. 
The Mbc distributions are for events with \AE\ < 
0.06 GeV, and the AE distributions are for events with 
Mbc > 5.271 GeV. The curve in each figure is the re- 
sult of a simultaneous fit to the Mb c and AE projec- 
tions where the two distributions are fitted with Gaus- 
sian signal functions that are constrained to have the 
same number of events. For the Mb c projection, we pa- 
rameterize the background with a function that behaves 
like phase space near the endpoint; for AE, we repre- 
sent the background with a linear function and restrict 
the fit to the range -0.1 GeV < AE < +0.2 GeV [|. 
The widths of the Mb c distributions are primarily due to 
the cm energy spread and are expected to be nearly the 
same for each channel; in the fits we fix them at the value 
CA/i, c =3.0 MeV, which is determined from B° — ► J/ipKg 
events in the same data sample fiof . For the fits to the 
K + tt + tt~ channel, the values of the signal peak positions 
and the AE width are free parameters; the fit results are 
consistent with MC expectations. In the K + tt~tt° and 
K°tt + tt~ channels, where the statistics are limited, the 
signal peak positions and widths are fixed at their ex- 
pected values. 

We use the B + — » J/tpK + events from the same data 
sample for normalization. We select these events using 
the same J /ip and charged kaon criteria as used in the 
B — > J /ip Ktttt selection. The number of events are ex- 
tracted using the same fitting procedure. The yields from 
the fits for all channels are listed in Table |. 

We searched for a B + — > J/ipK^~ (1400) signal us- 
ing selection requirements optimized for K ^"(1400) — > 
if*°7r+ -> K+TT+TT-, namely \M Klx - M K *\ < 50 MeV 
and \Mk-kix ~ ^K 1 (i4oo) | < 175 MeV. In this case the sig- 
nal observed is consistent with the contribution from the 
tail of the if 1 (1270). (There is about a 40% overlap be- 
tween the if i(1270) and the if 1 (1400) selection require- 
ments.) We determine an acceptance-corrected ratio of 
the event yield N ev [B+ J/ipKf(U00)]/N ev [B + -> 
J/ipKf (1270)} = 0.07±0.14 from which we conclude that 
contributions to the if 1 (1270) signal from the if 1 (1400) 
resonance are less than 9% (at the la level). 

The number of if ^"(1270) events in the tt + tt~ vs 
K + tt + tt~ mass window, determined from the fit to the 
Mktttt distribution shown in Fig. 0(b), is 53.2 ± 10.0 
events, which is very nearly the same as the number of 
signal events determined from the simultaneous fits to the 
AE and Mb projections (53.4 events). From this agree- 
ment, we rule out more than a 7% non-resonant if7T7r 
component to our observed signal (at the la level). 

We determine the ratio of branching fractions using 
MC-determined acceptances and if 1 branching fractions 
to the accepted topologies that are taken from the PDG 
tables Q . Here we assume the ratio of charged to neutral 
B meson production at the T(45) is unity. The results 
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for the two neutral K® modes are 

B(B° -> J/V>jrg(1270)) 

B(B+ -» J/i>K+) 
B(B° -> J/^(1270)) 



1.42 ±0.42 



£(B+ -» J/i/)K+) 



1.07 ±0.45 



(if + 7r 7T° mode) 
(i4T 7r + 7r _ mode), 



where only statistical errors are shown |Ll| |. Since the 
results for the two modes are consistent within errors, 
we combine the two data sets. The branching fraction 
ratios for the B° and B + arc: 



B(B° -> J/ipK%(1270)) 

B{B+ -> J/xj}K+) 
g(g+ J/^+(1270)) 
£(£+ -> J/i/?K+) 



= 1.30 ±0.34 ±0.28 



1.80 ±0.34 ±0.34, 



where the first errors are statistical and the second are 
systematic. The absence of any signal in the B + — > 
J/^if^" (1400) channel translates to a 90% confidence 
level limit on the branching fraction ratio of 



B(B+ -> J/^K+(U00)) 
B(B+ J/*/^ (1270)) 



< 0.30. 



The largest component of the systematic error (±14%) 
is due to errors in the i^i(1270) branching fractions to 
the K 7T7T modes that are used for this measurement. We 
also include in the systematic error the level of possi- 
ble contributions from other Kirir resonances (±9%) and 
non-resonant Ktttt production (±7%), uncertainties in 
the relative J/ipKmr and J/ipK + acceptance (±5% for 
the B+ channel and ±10% for B°) and, for the B°, the 
uncertainty in the ratio of charged to neutral B meson 
production at the T(45) (±8%) ||. 

Since the B -> J/^iTV+vr 



via the flavor-nonspecific K°p° 



decays proceed primarily 
intermediate state, they 
are potentially useful for CP violation studies. In prin- 
ciple, these final states are mixtures of CP = ±1 eigen- 
states, depending on the orbital angular momentum of 
the J/ip and the K\. With sufficient statistics, the rel- 
ative strengths of the two CP eigenstates can be deter- 
mined from an analysis of final state helicity angle distri- 
butions plj]. The situation is made complicated by pos- 
sible interference between the K°p amplitude and those 
for K*tt and Kq (1430)7r. Theoretical work is needed to 
clarify the situation. 

In summary, we report the first observation of the 
B -> J/V^i(1270) decay mode. Using the PDG value of 
B(B+ -> J/ipK+) = 1.00 ± 0.10 x 10" 3 g, we translate 
our measurements into the branching fractions: 



B(B° -> J/V>iC?(1270)) 
B(B+ -> J/tpK+ (1270)) 



(1.30 ±0.34 ±0.31) x 10~ 3 
(1.80 ±0.34 ±0.39) x 10~ 3 . 



These measurements indicate that this mode constitutes 
a reasonable portion (~ 15%) of the total number of B — > 



J/ipX decays. We see no evidence for B — > J/tjjKi (1400) 
and set an upper limit for this decay branching fraction. 
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TABLE I. Results of the fits to the M bc and AE projec- 
tions. 



Channel 


N t 

1 ' evts 


J/iPK + it + tv- 


53.4 ±9.1 


J/lPK+lT-TT 

J/tPK°-k+tt- 


19.3 ±5.1 


6.2 ± 2.6 


J/tpK + 


472.4 ±22.9 



. (o) M(tT7t) VS M(K7T7t) 



. (c) M(Kn) vs M(Kttti) 



1.50 

M(Kira) (GeV) 



16 (b) M(Knrc) (p enhanced) _ 




(d) M(Kjiji) (K* enhanced) 




FIG. 1. (a) The distribution of M v +„- vs M K+7T+7I - for 
B — ► J/tpKnn candidates. The dashed lines indicate the 
p — » 7T7T selection region, (b) The Kp mass distribution for 
the signal (clear histogram) and sideband (cross-hatched his- 
togram) regions, (c) Mk-k vs M K + 7r + 7r - for the same events. 
The dashed lines indicate the K * — > Kn selection region, (d) 
The A"*7r mass distribution for the signal (clear histogram) 
and sideband (cross-hatched histogram) regions. The curves 
are the results of the fits described in the text. 
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FIG. 2. (a) The M bc and (b) AE projections for the 
K + n + ir~ channel. The fits are described in the text. The 
corresponding distributions and fits for the K + tt~-k° and 
Kgn + TT~ channels are also shown. 
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